METHOD OF FORMING METAL LINE IN SEMICONDUCTOR 

DEVICE 

BACKGROUND 

5 

1. Field of the Invention 

[0001] The present invention relates to a method of forming a metal line 

in a semiconductor device and, more particularly, to a method of forming a 
metal line through a damascene process in the formation of a semiconductor 
1 0 device. 

2. Discussion of Related Art 

[0002] Nowadays, as the integration level in a semiconductor device is 

gradually higher integrated and densified, copper having a low resistance is 

1 5 used in a metal line that is formed through a damascene process. 

[0003] A damascene process for forming a metal line according to a 

prior art will be described. A bottom anti-reflective coating (BARC) film is 
formed in a structure wherein an etch stop film and an interlayer insulating 
film are stacked, more than one time, on an interlayer insulating film into 

20 which a copper wiring metal is buried. A photoresist pattern, a pattern of a 
metal line trench, is formed in a given region of the BARC film. An etch 
process using the photoresist pattern as an etch mask is then performed to 
form a metal line trench. 
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[0004] Meanwhile, after forming the metal line trench, the photoresist 

pattern and the B ARC film are removed. In this case, this is performed by a 
dry etch. 

[0005] In case where the photoresist pattern and the BARC film are 

5 removed by the dry etch, however, there occurs a problem that the amount of 
polymer generated upon etching is increased. 

SUMMARY OF THE INVENTION 
[0006] The present invention is directed to provide a method of forming 

10 a metal line in a semiconductor device capable of reducing the amount of 
polymer generating upon a process for forming a metal line trench. 
[0007] One aspect of the present invention is to provide a method of 

forming a metal line in a semiconductor device, including the steps of 
sequentially forming a first etch stop film, a second interlayer insulating film, 

15 a second etch stop film and a third interlayer insulating film on a first 
interlayer insulating film into which a metal line is buried, forming a first 
photoresist pattern defining a via hole in a given region of the third interlayer 
insulating film, performing an etch process up to the first etch stop film using 
the first photoresist pattern as an etch mask to form the via hole, and then 

20 removing the first photoresist pattern, forming a BARC film on the resulting 
surface and then forming a second photoresist pattern defining the metal line 
in another given region of the BARC film, performing an etch process using 
the second photoresist pattern as an etch mask up to the second etch stop film 
to form a metal line trench, and then removing the second photoresist pattern 
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and the BARC film by means of a first wet etch process, etching the first etch 
stop film by means of a second wet etch process using the second interlayer 
insulating film as an etch mask, and cleaning the resulting entire surface by 
means of a third wet etch process. 
5 [0008] In the aforementioned of a method of forming a metal line in a 

semiconductor device according to another embodiment of the present 
invention, the first wet etch process is performed using an aqueous solution in 
which sulfuric acid (H 2 S0 4 ) and hydrogen peroxide (H 2 0 2 ) are mixed in the 
ratio of one of 2: 1,4: 1 and 6: 1 at a bath temperature of about 100 to 140°C 

1 0 for about 2 to 1 Ominutes. 

[0009] In the aforementioned of a method of forming a metal line in a 

semiconductor device according to another embodiment of the present 
invention, HN0 3 of 60 to 90% is mixed at a bath temperature of about 140 to 
180°C for about 10 to 60minutes. 

15 [0010] In the aforementioned of a method of forming a metal line in a 

semiconductor device according to another embodiment of the present 
invention, the third wet etch process is performed using an aqueous solution in 
which HF and DI water are mixed in the ratio of one of 200: 1, 19: 1, 500: 1 
and 600: 1 at a bath temperature of a room temperature for about 10 to 

20 60minutes. 

[001 1] Another aspect of the present invention is to provide a method of 

forming a metal line in a semiconductor device, including the steps of 
sequentially forming a first etch stop film, a second interlayer insulating film 
and a BARC film on a first interlayer insulating film into which a metal line is 
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buried, forming a photoresist pattern defining a trench in a given region of the 
BARC film, performing an etch process up to the second interlayer insulating 
film using the photoresist pattern as an etch mask to form a trench, removing 
the photoresist pattern and the BARC film by means of a first wet etch process, 
5 etching the first etch stop film by means of a second wet etch process using 
the second interlayer insulating film an as etch mask, and cleaning the 
resulting entire surface by means of a third wet etch process. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 [0012] Figs. 1 to 3 are cross-sectional views for explaining a method of 

forming a metal line in a semiconductor device according to a first 
embodiment of the present invention; and 

[0013] Figs. 4 to 6 are cross-sectional views for explaining a method of 

forming a metal line in a semiconductor device according to a second 
1 5 embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0014] Now the preferred embodiments according to the present 

invention will be described with reference to the accompanying drawings. 
20 Since preferred embodiments are provided for the purpose that the ordinary 
skilled in the art are able to understand the present invention, they may be 
modified in various manners and the scope of the present invention is not 
limited by the preferred embodiments described later. Meanwhile, in the 
drawing, the thickness and size of each layer are exaggerated for convenience 
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of explanation and clarity. Like reference numerals are used to identify the 
same or similar parts. Further, in case where it is described that one film is 
"on" the other film or a semiconductor substrate, the one film may directly 
contact the other film or the semiconductor substrate. A third film may be 
5 intervened between the one film and the other film or the semiconductor 
substrate. 

[0015] Figs. 1 to 3 are cross-sectional views for explaining a method of 

forming a metal line in a semiconductor device according to a first 
embodiment of the present invention. 

10 [0016] Referring to Fig. 1, a first etch stop film 14, a second interlayer 

insulating film 16 and a first BARC film 18 are sequentially on a first 
interlayer insulating film 10 into which a copper metal line 12 is buried. A 
photoresist pattern (PR) is formed in a given region of the BARC film 18. An 
etch process using the PR as an etch mask is performed up to the BARC film 

15 18 and the second interlayer insulating film 16, thus forming a via hole (VH). 
[0017] With reference to Fig. 2, a first wet etch process is performed in 

order to remove the first photoresist pattern PR1 and the first BARC film 18 
remained after the formation of the via hole (VH) and residues generated in 
the process of forming the via hole. The first wet etch process is performed 

20 using an aqueous solution in which sulfuric acid (H 2 S0 4 ) and hydrogen 
peroxide (H2O2) are mixed in a given ratio. In the above, it is preferred that 
sulfuric acid: hydrogen peroxide is mixed in the ratio of 2: 1, 4: 1 or 6: 1. 
Furthermore, it is preferable that the first wet etch process is performed at a 
bath temperature of about 100 to 140°C for about 2 to lOminutes. A second 
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wet etch process is performed, using the patterned second interlayer insulating 
film 16 as an etch mask, to etch the first etch stop film 14. The second wet 
etch process is performed using an aqueous solution in which HNO3 of 60 to 
90% is mixed. Also, the second wet etch process is preferably performed at a 
5 bath temperature of about 140 to 180°C for about 10 to 60minutes. In order to 
prevent the bottom of the first etch stop film, i.e., the top surface of the copper 
metal line 12 from being oxidized during the etch process, a third wet etch 
process is performed for the above results.The third wet etch process is 
performed using a wet etchant wherein HF and de-ionized (DI) water are 
10 mixed in a given ratio. In this case, it is preferred that HF and DI water are 
mixed in the ratio of 200: 1, 19: 1, 500: 1 or 600: 1. Furthermore, it is 
preferable that the third wet etch process at a bath temperature of a room 
temperature for about 10 to 60minutes. 

[0018] By reference to Fig. 3, a copper seed layer is formed in the via 

1 5 hole (VH) for which the third wet etch process is completed. A via hole (V) 
into which a copper metal is buried through an electroplating method is 
formed, thereby completing the process. 

[0019] Figs. 4 to 6 are cross-sectional views for explaining a method of 

forming a metal line in a semiconductor device according to a second 
20 embodiment of the present invention. 

[0020] Referring to Fig. 4, a first etch stop film 14, a second interlayer 

insulating film 16, a second etch stop film 20 and a third interlayer insulating 
film 22 are sequentially formed on the first interlayer insulating film 10 into 
which the copper metal line 12 is buried. After a second photoresist pattern 



(not shown) is formed in a given region of the third interlayer insulating film 
22, an etch process using the second photoresist pattern as an etch mask is 
performed up to the first etch stop film 14, thus forming a via hole (VH). 
After the second photoresist pattern (not shown) is removed, a second BARC 
5 film 24 is formed on the resulting surface. After a third photoresist pattern 
(PR2) is formed in a given region of the second BARC film 24, an etch 
process using the third photoresist pattern (PR2) as an etch mask is performed 
up to the second etch stop film 20, thereby forming a metal line trench (MT). 
In this case, the second BARC film 24 remains only at the bottom of the via 
10 hole. 

[0021] Referring to Fig. 5, a first wet etch process is performed in order 

to remove the third photoresist pattern PR2 and the second BARC film 24 
remained after the formation of the via hole (VH) and the metal line trench 
(MT) and to remove residues generated in the process of forming the via hole 

1 5 (VH) and the metal line trench (MT). The first wet etch process is performed 
using an aqueous solution in which sulfuric acid (H 2 S0 4 ) and hydrogen 
peroxide (H2O2) are mixed in a given ratio. In the above, it is preferred that 
sulfuric acid: hydrogen peroxide are mixed in the ratio of 2: 1 or 4: 1 or 6: 1. 
Furthermore, it is preferable that the first wet etch process is performed at a 

20 bath temperature of about 100 to 140°C for about 2 to lOminutes. A second 
wet etch process is performed, using the patterned third interlayer insulating 
film 22 as an etch mask, to etch the first etch stop film 14. The second wet 
etch process is performed using an aqueous solution in which HNO3 of 60 to 
90% is mixed. Also, the second wet etch process is preferably performed at a 
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bath temperature of about 140 to 180°C for about 10 to 60minutes. In order to 
prevent the bottom of the first etch stop film 14, i.e., the top surface of the 
copper metal line 12 from being oxidized during the etch process, a third wet 
etch process is performed for the above results. The third wet etch process is 
5 performed using a wet etchant wherein HF and de-ionized (DI) water are 
mixed in a given ratio. In this case, it is preferred that HF and DI water are 
mixed in the ratio of 200: 1 or 19: 1 or 500: 1 or 600: 1. Furthermore, it is 
preferable that the third wet etch process at a bath temperature of a room 
temperature for about 10 to 60minutes. 
1 0 [0022] By reference to Fig. 6, a copper seed layer is formed in the via 

hole (VH) and the metal line trench (MT) for which the third wet etch process 
is completed. A via hole (V) and a metal line (M) into which a copper metal is 
buried through an electroplating method are formed, thereby completing the 
process. 

1 5 [0023] As described above, the present invention has an advantage that 

it can reduce the amount of polymer generating in the above process by 
removing the photoresist pattern, the BARC film and the etch stop film 
through the wet etch process. 

[0024] Furthermore, it is possible to reduce the amount of polymer 

20 generating in a process for forming a via hole and a metal "line trench by 
reducing a photoresist pattern, a BARC film and an etch stop film through a 
wet etch process. 

[0025] Although the foregoing description has been made with 

reference to the preferred embodiments, it is to be understood that changes and 



modifications of the present invention may be made by the ordinary skilled in 
the art without departing from the spirit and scope of the present invention and 
appended claims. 
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